Exogenous auxin(a-naphthalene acetic acid, indole acetic acid, or 2,4-dichlorophenoxyacetic acid) was essential for the growth of single excised root tips of Bryophyllum calycinum in 50 ml of a mineral salt-sucrose medium supplemented with vitamins. Large inocula with a dry weight of 2.0 mg or more grew with no auxin added to the medium. Evidence for the synthesis of auxin by the excised roots grown from the larger inocula is presented. Leaching of auxin from single root tips cultivated in 15 or 50 ml of basal medium is considered to account for their failure to grow.
Abstract.-Exogenous auxin(a-naphthalene acetic acid, indole acetic acid, or 2,4-dichlorophenoxyacetic acid) was essential for the growth of single excised root tips of Bryophyllum calycinum in 50 ml of a mineral salt-sucrose medium supplemented with vitamins. Large inocula with a dry weight of 2.0 mg or more grew with no auxin added to the medium. Evidence for the synthesis of auxin by the excised roots grown from the larger inocula is presented. Leaching of auxin from single root tips cultivated in 15 or 50 ml of basal medium is considered to account for their failure to grow.
The growth of single root tips of Bryophyllum calycinum, Salisb., was limited to a slight increase in iength and the production of a few short (1 or 2 mm) branch roots in a mineral salt-sucrose solution. Supplementing the medium with a variety of vitamins and growth substances, with casein hydrolysate, or extracts of natural products such as yeast, malt, or liver was of little benefit. However, single root tips 1.5 cm in length grew well in a mineral salt-sucrose solution supplemented with vitamins and either a-naphthalene acetic acid, indole acetic acid, or 2,4-dichlorophenoxyacetic acid. The auxin was essential for the growth of single root tips under the conditions of our experiments.
The basal medium contained in milligrams per liter: 333 Ca(NO3)2-4H20, 41.6 KC1, 83.2 KNO3, 83.2 KH2PO4, 83.2 MgS04 7H20, 3.25 Fe tartrate, 0.286 H3BO3, 0.181 MnCl2*4H20, 0.022 ZnSO4I7H20, 0.008 CuSO4-5H20, 0.009 H2MoO4-H20, 0.337 thiamine, 0.376 riboflavin, 0.206 pyridoxine, 0.123 nicotinic acid, 0.477 Ca pantothenate, 0.137 p-aminobenzoic acid, 216.0 inositol, 20,000 sucrose.
Bryophyllum leaves were surface sterilized with Clorox and leaf pieces which included a notch and foliar embryo were cultivated in sterile basal medium. Root tips were excised from the roots which developed from the leaf pieces and were cultivated under sterile conditions in the dark at 270 in 50 ml of liquid medium in 125-ml Erlenmeyer flasks. Excised roots were also grown on agar media.
Growth of root tips 1.5 i cm long was limited to a small increase in length and the production of a few short branches. The addition of 0.1 or 0.5 ,ug of a-naphthalene acetic acid per flask was ineffective, slight growth occurred with 1.0 ,ug but 2.5 ,ug a-naphthalene acetic acid per flask induced substantial growth and profuse production of root hairs (Fig. 1) .
IAA and 2,4-dichlorophenoxyacetic acid were less effective than a-naphthalene acetic acid but both induced growth. Indole acetic acid was filtered sterile and was added after the basal medium was autoclaved. Growth with a-naphthalene acetic acid was characterized by the production of short branch roots and of pro- fuse long root hairs. On agar media supplemented with a-naphthalene acetic acid, root hairs were so pronounced that they were at first taken for a fungus contaminant on the root. Root hairs were less obvious on roots in indole acetic acid solutions; the roots were more slender and the branches longer. In addition to cultures derived from single root tips from leaf pieces, a root culture was established by inoculum taken from root systems which developed on plants grown in sterile basal media. Inocula from this culture were less uniform than the single root tips from leaf pieces but the size of the inoculum could be varied from a single branch to a root mass which included many branches.
Small inocula, dry weight 0.1 d mg, failed to grow without a-naphthalene acetic acid; an occasional inoculum of 0.6 to 0.7 mg grew but the majority did not. All inocula with a dry weight of 2 mg or more grew in the basal medium with no a-naphthalene acetic acid.
Root cultures from inocula of 6-7 mg dry weight have been carried in the basal medium through 22 passages for about two months each from September 1965 to July 1969. The roots gained from 0.3 to 0.4 mg dry weight per day.
Roots grown from large inocula appeared to synthesize auxin. The culture liquid in which the roots had grown, and a hot water extract of the roots stimulated growth when added to the basal medium. Growth resembled that obtained with indole acetic acid.
The failure of single root tips of Bryophyllum to grow without exogenous auxin might be because auxin is synthesized in the older portion of the root, not by the apical portion, or because auxin is leached out of the single root tip in 50 ml of medium. The following observations support the latter explanation.
Single root tips 1.5 cm long cultivated on the basal medium solidified with 0.6 per cent ionagar grew 2 or 3 cm in length and responded positively to gravity.
They may be assumed, therefore, to contain auxin which may, however, have been present in the root when it was excised. Single excised root tips, 1.5 to 2.0 cm long, were cultivated in 5 ml of basal medium on the assumption that in this small volume of liquid a balance established between auxin in the root and auxin in the medium might permit growth. Some of these root tips grew sufficiently to permit three successive passages. None grew in the fourth passage. However, the supply of one or more of the mineral constituents in so small a volume may have been responsible for the eventual cessation of growth.
Although the growth of a single root tip in 15 or 50 ml of basal medium was slight, several root tips cultivated together in the same flask grew substantially. We used four root tips in 15 ml and ten root tips in 50 ml of basal medium. We interpret these results to mean that with several root tips together in a flask the balance between auxin in the medium and auxin in the root left enough in the root to permit growth. Any other explanation is improbable because of the effect of the addition of 2.5 ,ug a-naphthalene acetic acid to 50 ml of basal medium on the growth of a single root tip (Fig. 1) .
Autoclaved tryptophan or indole acetic acid has been reported to be essential for the continued growth of the excised roots of Secale cereale.' Low auxin concentrations of indole acetic acid stimulate the growth of the excised roots of a number of species but have no effect on others.2 In view of our results with Bryophyllum, the loss of auxin by leaching in determining and interpreting the auxin requirement of excised roots is a factor which should not be overlooked.
